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Abstract 


In this paper, a class of log-type estimator using two auxiliary 
information is proposed. Double sampling technique has been 
considered as it is assumed that the auxiliary information 
about the auxiliary variable is unknown. Bias and mean 
squared error has been found up to the first order of 
approximation. The proposed classes are compared to some 
commonly used estimators both theoretically as well as 
empirically and they perform better than commonly known 
estimators available in the literature. 


INTRODUCTION 


The use of auxiliary information enhance the precision of an 
estimator. Here, two auxiliary information is used for 
estimating the population variance under double sampling. 
We select the sample in two phases for estimating the 
population variance. Various authors used multiple auxiliary 
information (Olkin (1958), Raj (1965), Singh (1967), 
Shukla(1966), etc.). Recently, Bhushan and Kumari (2018) 
had made the use of logarithmic relationship between the 
study variable and auxiliary variable for estimating the 
population variance. 


Consider a finite population U =U,,U,,...,Uy of size 


N from which a large sample of size n' is drawn according 
to simple random sampling without replacement (SRSWOR) 
for estimating unknown auxiliary variables only, Then, we 


select a sample of size ” from the remaining observation for 
estimating the sample mean of study and auxiliary variables. 


Let Y; %;, and *;, denotes the value of the study and two 


auxiliary variable for the ith unit i=1, 2,..., N of the 


population. Let ae x 1 and x 2 be the population means of 


study variable and two auxiliary variables. Also, 
2 


2 n 
=N"S‘(y,-¥) : S; =n'>'(x,-X,) and 
i=l i=l 


S? = n' D(x, rs X,) be the population variance of the 
study and two auxiliary variables respectively. 


Further, %;' and %2'be the larger sample means of two 


2" 2 : 
auxiliary variables and 5,,+ 5x, be the sample variance of 


two auxiliary variables respectively of size 1'. 


Here, y . X and *2be the sample means of study variable 
and two auxiliary variables from the sample of size ”. Also, 


N n 
=N")'(y,-¥) ' S, =n") )(x,-%) and 
i=l i=l 


2 


sS aad be: —X,) be the sample variance of the study 


%, 
i=l 


and two auxiliary variables respectively. 


THE SUGGESTED GENERALIZED CLASS OF LOG- 
TYPE DOUBLE SAMPLING ESTIMATORS 


We propose the following new classes of log type estimators 


for the population variance S$ . as 


a 


Ss Ss 
T, =s,|1+log}) — 1+log] = 
x Sy, 
(2.1) 
ei 
T, =s5|1+8, log| —* 1+b, log} 
(2.2) 
: 1 el 2 
T, = 5s, |+log| - 1+log] — 
XQ 
(2.3) 
Q* Qe 
T, =s,|1+d, log = 1+d, log] 
(2.4) 
where s =4, Se +b, and s. = aS. +b, fori= 1,2 


such that 4, , b, c, and d , are optimizing scalars or functions 
of the known parameters of the auxiliary variable x,'s such 


as the standard deviations § coefficient of variation C, , 


> 
Xj 
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coefficient of kurtosis b,, , coefficient of skewness b,. and E(e, oe T' b, E( E, é,)= T Ts 
i i x? yxy? 
correlation coefficient r., of the population (i x j=0). E( ere \= Vr’ E( oe: )= Vr 
Pad 071 22yx, O= 2. 22yx>? 
E(a¢, ‘)= [' | es , E(&£,)= - Ty ,,x, and 


PROPERTIES OF THE SUGGESTED CLASS OF E(é,'&')=I'Ip,,, where b;, =b,,-1, bj, =b,, — 
ESTIMATORS he : 7 ; 


a 


_b,. =b,. -land =I —1, 
In order to obtain the bias and mean square error (MSE), let us a 2%, 22 yi 22y% 
eonsidet D595 x, = ee mls | Dou =i > 
12 g/2 
(s,? S S,’) (s,? Z oi (s,. 7 S.”) Fig = IM pq [M39 Mn > 
y x x Mpg =(¥,- Yr. (X,- Xx) jx. l= V/N, 
2 2 2' 2 i=l 
(,°-Sa") (n° ~S,") 
é, > = = eer oe I'=1/n', By Sig [Ties BD 5. = Mp, / Igy are the 
Xy Xy 


coefficient of kurtosis of y and x respectively. 
E(&)=E(é,)=E(e,)=0, E(e,’)=Ib;,, 
E(e”)=Ib,,, E(e")=1'b),, E(é,’)= mh, 


Theorem 1 


The bias and the mean squared error of the proposed estimator considered up to the terms of order n“ are given by 


de ee <I Hos ee ae aaa 
Bias (T=s, (J —1 La, Py Oe a, Na, b,, by, a, Ne by, by, +a, Aly x, by Dy. 
MSE(T,)=S} | ib, +(I-1'){azby, $005. =20,6 ‘ [b;,b;,, — 2aT., P 1B Pe + 2a, a Os Poe \ 
—2w, Ss: 1+( De: b,. + fs 5 an ar yx V2 i b,,, ~a,P YX V2, DB. +a, a xx, V2: ie b,., 


I 
22 yx, 2yx 22 x x 
where ro = xe eo 222 and rp) =——2 


* * : yX2 * * X XQ * * 
by y by, b, y by, V by, b,.. 


Proof. Consider the estimator 


qQ a, 


2' 2) |"? 
T, =s°| 1+log + I+log| 3 =S?(1+4,)] I+log(I+4,)(I+4) | [I+log(I+e)(Ita,) | 


a?) ' ' 2\,4/. 2 ' 2 
= S"(1+<é) L+a,(4- 4-46, +4; )+>(4-4) -a,(¢,-€,) 


peasle E> £,6,+63)+2 (e, a a,(é, é,) (3.1) 


On solving and then taking expectation on both the sides, we get 


Pias()=53(0-1)] b+ b3., -4 Pa |Ds Oa a [b2, Pas, +d, a, alb, bi a 
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Squaring and then taking 


expectation on both the sides of equation (3.1), we get 
required expression for MSE. 


Corollary 1.The optimum values of constant are obtained as 


a = Ny = hey Tas by, 
lopt 1 2 = 
=i 

1% dy, 

Pay 
= Ny x: Te 2y 

Ay ont — 1 -_ r a 
XXy b, % 


The optimum mean squared error is given by 
M(Z),,, =S, |f-(-1) Re, | 
(3.2) 


where R? is the 


y-%%Q 


transformed multiple correlation 


coefficient between y and X,, X, 


Theorem 2 


The bias and the mean squared error of the proposed estimator considered upto the terms of order n 


k k 
oe ok 
De = ar yx, 25 by, rf > q; aT x, 
i=l ix j= 


nate srr] 8 


MULTIVARIATE EXTENSION OF PROPOSED CLASS 
OF ESTIMATORS 


Let there are k auxiliary variables then we can use the 


variables by taking a linear combination of these k 
estimators of the form given in section 2, calculated for every 
auxiliary variable separately, for estimating the population 
variance. Then the estimators for population variance will be 
defined as 


i a 


* k Xj 
T, =s, Cars = 


* k 
T, = a Pia log 


= ; G 


T, =s, 1, 1+log} — 


L AS 


rc 58 
x; 


* k 
T, =s, falc ae = 


Xj 


where @,, b., 
eck 


c, and d, are the optimizing scalars i = 1, 2, 


~ are given by 


ae bs. | 


MSE(T, )=S° Ib, +(I-1 Sates, 2504 ra, «fey me +2). Ga iI. Pr} 


—2w, S} 1+(1- I') 1p oe “Ya 1, fyb, +O 4,4; te. 


i# j=l 


EFFICIENCY COMPARISON 


In this section, we compare the proposed classes of estimators 
with some important estimators. The comparison will be in 
terms of their MSE up to the order of n!. The optimum mean 
squared error of proposed estimator is given by 

M(L),,, =S} |I-(1-1) 7, | 


opt Y-%XQ 


i#j=l 


General variance estimator 
G2 2 
S; =35; 
It’s mean squared error is given by 
G2\ _ o4 * 
MSE(S, ) =S; Tb,, 


The usual ratio type variance estimator 


2" 2 
G2" _ o2| Sa |] Se 
r —"y} 22 2 

Sy, Sy, 
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It’s mean squared error is given by 


on Ib, +(I1-I')b,, +b,, 
MSE(S?)=S* | > UT )bag + baa > MSE(T) 


* 


22.x.xy 


opt 


-20, 


22 yx 


-21 +21 


22 yx 


The product type variance estimator 


2 2 
§ 52] Sa || & 
Per yal 22! 2 
5, NS, 


Its mean squared error is given by 
1B, AUT NB, A bgt 2d: 
+215, +20, 


22 yx, 22%x7 


MSE(S?)=S* > MSE(T,) 


opt 


Singh, Chauhan, Sawan and Smarandache (2011) type 
variance estimator 


Dy 2 2' 2 

é ss —s 
S” =s? exp| = || 2 = 
s y Pp 2 +4 2 2' a 2: 
x x Sy, Sy, 


4 4 = i yx 


> MSE(T) 


oe opt 


_f 22.xx7 


V4 (9 \% 


stg) =| |= 
KO ey 2 2 
Sy, Sy, 


It’s mean squared error is given by 


MSE(S?.) =MSE(T.) 


opt 


Das and Tripathi (1978) type variance estimator 


2" 2" 
S* = ne Ss oe 
dD 2 Bi on 2! a aye 
5, +a,(s, —s, ) Jl 8, +a,(s, —s 


x 


It’s mean squared error is given by 


MSE(S?) =MSE(T.) 


opt 


EMPIRICAL STUDY 


The data on which we performed the numerical calculation is 
taken from some natural populations. The source of the data is 
given as follows. 


Population 1. (Chochran, Pg. no. 155). The data concerns 
about weekly expenditure on food per family. 


y: weekly expenditure on food 
x, : number of persons 


X,: the weekly family income 


Population 2. (Choudhary F. S., Pg. no. 117). 


y : area under wheat (in acres) in 1974 
X, : area under wheat (in acres) in 1971 


X, : area under wheat (in acres) in 1973 


The summary and the percent relative efficiency of the 
following estimators are as follows: 


Table 2: Parameters of the data 


Parameter Population 1 Population 2 
N 33 34 
n' 29 30 
n 11 10 
b,, 4.032 2.725 

b;,, 1.388 12.366 
Oe 1.143 1.912 
. 0.305 0.224 
22 yx, 
es 1.155 2.104 
Tr 0.492 0.152 
22x, x2 
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Table 3: PRE of the estimators 


Estimator Pop. 1 Pop. 2 
Ss? 100 100 
s 91.627 29.173 
et 50.236 17.524 
s? 109.836 75.636 
Se 122.595 230.718 
Ss? 122.595 230.718 
T,, 122.595 230.718 

CONCLUSION 


This work utilizes the two auxiliary information for estimating 
the study variable under double sampling. It is clear from the 
comparative study and numerical study that the proposed 
estimator perform better than conventional estimators viz. 
variance estimator, ratio type estimator, product type 
estimator and found equally efficient to Das & Tripathi type 
(1978) estimator, Olufadi and Kadilar type (2014) estimator 
etc. Hence, the proposed estimators have much more practical 
utility than the conventional estimators. 
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